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ABSTRACT 

An  "adapted"  plant  species  must  not  only  grow  on  a 
particular  site,  but  also  produce  viable  seeds  capable 
of  germination  and  establishment  on  the  site.  Ten  species 
of  rangeland  grasses  had  been  suc  cessfully  used  to 
revegetate  sodic  mine  spoils  at  the  Decker  Coal  Mine 
in  southeastern  Montana.  However,  the  effect  of  the 
sodic  spoils  on  seed  viability,  and  hence  the  potential 
for  regeneration,  was  unknown.  Seeds  produced  by 
these  plants  were  tested  for  viability  and  germination . 
Results  indicated  regeneration  of  seven  of  the  10  species 
would  not  be  affected  by  sodic  spoil  material.  The 
responses  of  the  other  three  species  were  significantly 
lower. 
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One  consequence  of  surface  mining  for  coal  is  the 
need  to  establish  vegetation  on  spoil  areas.  Establishment 
of  plant  cover  requires  devising  effective  treatments 
and  subsequent  management  for  a  variety  of  surface 
mined  land  types.  Sodic  mine  spoils,  those  containing 
an  excess  of  exchangeable  sodium,  may  require  special 
management  treatments  to  establish  vegetation.  Seed 
production,  viability,  and  germination  are  critical  to 
plant  establishment.  Environmental  conditions  that  in- 
fluence these  processes  may  determine  the  perpetuation, 
and  hence  the  importance,  of  a  plant  species,  particularly 
under  stresses  that  may  be  severe  on  highly  sodic  mine 
spoils  (Richardson  and  Farmer  1982).  Therefore,  the 
potential  viability  and  germination  of  seeds  produced 
by  grass  species  successfully  growing  in  these  conditions 
were  examined. 


METHODS  AND  MATERIALS 

Rcvegctation  research  was  begun  on  the  spoil  area  of 
the  Decker  Coal  Mine  in  southeastern  Montana  in  1972. 
Average  annual  precipitation  in  the  area  is  15.43  inches 
(39.2  cm).  A  succession  of  smooth  divides  and  broad 
drainage  bottoms  of  rolling  land  with  buttes  of  red 
scoria  and  shale  outcrops  comprise  the  general  phys- 
iography. The  soils  arc  clayey  Ustic  Aridsols  having 
large  amounts  of  sodium  on  the  clay  particles. 

Sodic  spoil  materials  from  the  mine  dumps  were 
used  for  these  studies.  The  research  involved  several 
varied  treatments  using  native  and  introduced  grass 
species.  In  1975  an  attempt  was  made  to  learn  whether 
the  species  planted  had  the  potential  to  be  self- 
perpetuating  on  the  spoils.  By  that  time  it  was  apparent 
that  10  species  could  successfully  grow  at  the  site,  but 
it  was  unknown  whether  they  were  producing  viable 
seeds.  Species  used  in  the  study  were:  intermediate 
wheatgrass  (Agropyron  intermedium):  Fairway  crested 
wheatgrass  (A.  cristatum):  smooth  brome  (Bromus 
inermis);  pubescent  wheatgrass  (A.  trichophorum);  Rus- 
sian wildrye  (Psathyrostachys  juncea):  western  wheat- 
grass  (A.  smithii):  tall  wheatgrass  (A.  elongatum);  green 
needlcgrass  (Stipa  viridula);  winter  rye  (Secale  cereale); 
and  slender  wheatgrass  (A.  trachycaulum). 

Field  collections  of  seeds  produced  by  the  grasses  on 
the  mine  spoils  were  separated,  cleaned,  and  packaged 
by  species.  Determinations  included:  (1)  estimates  of 
potential  germination  using  the  tctrazolium  color  reaction 
test  of  the  embryo  (McDonough  1974);  (2)  optimum 
temperatures  for  germination  of  each  species;  and  (3) 
time  in  days  required  for  completion  of  germination. 

Percentage  seed  germination  was  determined  by 
methods  described  in  detail  by  McDonough  (1969). 
Germination  tests  were  made  for  eight  replications  of 
50  seeds  for  each  of  the  10  species.  Tests  were  conducted 


'Research  forester,  plain  physiologist,  and  forest  hydrologist,  respectively, 
located  at  the  Intermountain  Station's  Forestry  Sciences  Laboratory, 
Logan,  UT. 


in  9-cm  Petri  dishes  lined  w  ith  two  sheets  of  Whatman 
#1  filter  paper2  saturated  with  3.5  ml  distilled  water. 
Seeds  in  each  rcplieation  were  uniformly  distributed 
over  the  filter  paper.  Effects  of  temperature  alternation 
on  germination  were  tested  in  Lab-line  germinators. 
Temperature  combinations  tested  were:  30/20°  C; 
25/15°  C;  and  15/5°  C  with  each  temperature  maintained 
for  12  hours.  Cool  white  fluorescent  lamps  provided 
light  intensity  of  1  100  lumens/rri2.  Light  periods  coin- 
cided with  the  periods  of  higher  temperature.  Rates  of 
germination  at  the  optimum  temperature  alternation 
were  determined  for  the  nine  species  having  total  ger- 
mination of  approximately  20  percent  or  more  at  the 
optimum  temperature. 

RESULTS  AND  DISCUSSION 

Measures  of  potential  seed  viability,  indicated  by  the 
red  color  of  the  embryo  resulting  from  the  tctrazolium 


tests,  ranged  from  74  percent  to  100  percent,  as  shown 
in  the  following  tabulation: 

Species  Viability 

Intermediate  wheatgrass 

{Agropyron  intermedium)                   '.  100 

Fairway  crested  wheatgrass  (-4.  cristatum)  .  96 

Smooth  brome  (Browns  inermis)   96 

Pubescent  wheatgrass  (A.  trichophorum)  .  94 

Russian  wildryc  (Psathyrostachys  jutieea)  .  86 

Western  wheatgrass  (A.  smithii)   86 

Tall  wheatgrass  (A.  elongatum)    84 

Green  nccdlcgrass  (Stipa  viridula)   78 

Winter  rye  {Secale  cereale)   76 

Slender  wheatgrass  (A.  trachycaulum)    .  .  74 


The  optimum  temperature  combination  was  25/15°  C 
for  crested,  pubescent,  tall,  and  intermediate  wheat- 
grasses.  For  slender  and  western  wheatgrasscs,  needle- 
grass,  wildryc,  and  winter  rye  the  optimum  temperature 
combination  was  15/5°  C.  Performance  of  the  species 
at  the  three  temperature  combinations  is  shown  in 
figure  1 .  At  the  optimum  temperature,  germination  of 
60  to  90  percent  was  reached  by  the  sixth  day  in  six 
of  the  nine  species  tested  and  germination  was  completed 
by  the  10th  day  in  all  species  (fig.  2). 

The  percentages  and  rates  of  germination  for  inter- 
mediate, crested,  pubescent,  western,  and  tall  wheat- 
grasscs, smooth  brome,  and  Russian  wildrye  indicate 
that  viability  and  germinability  of  seeds  produced  by 
these  species  were  not  affected  by  parent  plant  growth 
on  sodic  spoil  conditions  to  an  extent  that  would  cause 
failure  to  establish  and  perpetuate  a  vegetative  cover. 
The  low  percentages  and  rates  of  germination  for  slender 
wheatgrass,  green  needlegrass,  and  winter  rye  suggest 
that  optimum  conditions  for  germination  of  these  species 
were  not  provided  during  the  tests.  However,  the  rela- 
tively high  values  (78.  74,  and  76  percent,  respectively) 
for  the  tetrazolium  viability  tests  indicate  these  grasses 
have  a  good  potential  to  perpetuate  themselves  on  the 
sodic  spoils  at  the  Decker  Coal  Mine  by  seed  production. 
Results  of  this  study  further  indicate  that  viability  of 
seed  produced  by  the  plants  when  grown  on  these  spoils 
equals  that  of  seeds  produced  in  a  normal  environment 
(Baldridge  and  Lohmiller,  in  press). 


2The  use  of  trade,  firm,  or  corporation  names  in  this  publication  is  for  the 
information  and  convenience  of  the  reader.  Such  use  does  not  constitute  an 
official  endorsement  or  approval  by  the  U.S.  Department  of  Agriculture  of 
any  product  or  service  to  the  exclusion  of  others  that  may  be  suitable. 
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Figure  1. — Germination  of  seeds  from  10  grasses  growing  on  sodic  mine  spoils  at  three  tem- 
perature alternations. 
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FIG.  2.  Percent  germination  and  germination  times  at  optimum  temperatures 
for  eight  grass  species  grown  on  sodic  mine  spoils. 

Figure  2. — Percent  germination  and  germination  times  at  optimum  temperatures  for  eight 
grass  species  grown  on  sodic  mine  spoils. 
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The  Intermountain  Station,  headquartered  in  Ogden,  Utah,  is  one  of  eight 
regional  experiment  stations  charged  with  providing  scientific  knowledge  to 
help  resource  managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of  Montana,  Idaho,  Utah, 
Nevada,  and  western  Wyoming.  About  231  million  acres,  or  85  percent,  of  the 
land  area  in  the  Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas,  and  well-stocked 
forests.  They  supply  fiber  for  forest  industries;  minerals  for  energy  and  in- 
dustrial development;  and  water  for  domestic  and  industrial  consumption. 
They  also  provide  recreation  opportunities  for  millions  of  visitors  each  year. 

Field  programs  and  research  work  units  of  the  Station  are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State  University) 
Logan,  Utah  (in  cooperation  with  Utah  State  University) 
Missoula,  Montana  (in  cooperation  with  the  University  of  Montana) 
Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 
Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 
Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 
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